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BURSTING  STRENGTH  OP  STANPARr  PIPE  AMD  FITTINGS. 

The  object  of  this  series  of  tests  was  to 
compare  the  actual  with  the  theoretical  bursting 
strength  cf  standard  pipe  anc^  fittings. 

The  water  pressure  used  in  the  tests  was 
furnisled  by  a  Marsh  direct  acting  steaiL  pump, 
having  twelve  inch  steam  cylinder  and  one  inch 
water  plunger,  which  should  have  been  capable 
of  a  pressure  cf  fourteen  thousan:'  pounds  per 
square  in-'h  with  a  steam  pressure  cf  one  hundred 
pounds.   The  first  pump  worked  STtisiactcrily 
up  to  five  thousand  poimds  but  above  that  it 
lealced  sc  badly  that  the  limit  -as  eighty  five 
hunired.   The  gland  bleiv  cut  at  that  pressure 
and  it  was  fcvud  that  the  packing  had  forced  in 
between  the  gland  and  the  rod  sc  tightly  that 
it  was  only  with  the  aid  cf  an  arbor  press  that 
the  rod  was  pressed  cut.    Another  water  end  cf 
the  pump  v/as  supplied  by  the  m~nufacturers  and 
v/as  installed  at  once.    It  has  del:^vered  against 
a  pressure  cf  twelve  thousadd  five  hi^ndred  pounds, 

rouble  extra  heavy  cne  inch  pi^ring,  '-aving 
an  outside  diameter  cf  an  inch  and  a  quarter,  and 
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andintemal   of  five   eighfhs,    was  put   up  from  the 
pump  to  the    testimg   stani.        The   ells  were  made 
of  two  by  two  by  tv/o  and  one   half   inch  blocks   of 
milrl  steel,    bored/lthxeg-ded,    and  finish  tarred, 
on  the   end  and  side    in  the    lathe,        The   reavy 
piping  V/3S  also  threaded  in    :he    lathe,    as   t'e 
threads   cut    in   the  rcachine  wouli  not   stand  the 
pressure   without   excessive    leakage.        kn  angle 
needle   v?.lve   was  nade   and  attached  in  the    line 
beside   the  pump,    its   function  being  to  prevent 
sudden  fluctuations   in  pressure,    and  the   too 
su-iden   release   of  pressure   on  the   pump  at   the 
time   of  breakage   of  fe   specimen.        The   fittings 
were   fcund  to  hold  "/hen   screwed  up  without   oil 
or   lead. 

A.  twelve    inch  gau?e  manufactured  by  the 
'^rossby  Steam  Gauge   Ho.,    of  Boston,   Mass.,    and 
having  a  r^nge   of   zero  to  fifteen   f^^ousand 
pounds  was  used  to   indicate   the   pressure.        A. 
bronze   ball   c'  eck  valveserved  to   prevent    injury 
to  the  mechr.nism  w:>en  the   pressure   should  be 
suddenly  released,    an-^  a  maxiL.um  needle  adjust?.- 
ble   to   zer:    at   will   to   indicate   the   highest   pre- 
ssure.       It   was   connTcted  to   one  half   inch  pipe 


tappe  "!  into  a' coupling  similar  to  the  ells  in 
the  ri5er  of  the  high  pressure  piping.   The 
gauge,  the  heavv  riping,  and  part  of  the  puar 
are  visible  in  xhe  blue  print  p-.ge    .   One  of 
the  ells  and  a  short  nipple  of  the  heavy  piping 
are  visible  in  the  print  on  page  ■  . 

The  specimens  v/ere  of  standard  nild  steel 
pipe,  all  being  taken  from  f-e  stock  of  t' e  forge 
shop  e"3epx  t' 3    five  and  six  incli. sizes  v/hich 
were  purchased  frorfi  ^lo^r  and  Sons.   The  ncnin-^l 
diameters  and  the  len^.ths  of  the  specimens  are 
sho'-m  in  columns  tv.^o  and  three  of  the  log  of 
test,  page    .   The  caps  with  t'^^o  exceptions 
were  taken  from  the  stock  of  the  forge  shop. 
In  all  the  sizes  smaller  than  five  inch,  where 
possible  two  specimiens  of  each  size  ;vere  test- 
e--.    Special  steel  caps,  bored  out  from  the 
solid  and  threaded  in  the  l"the,  were  made  up 
that  they  might  be  strong  enough  to  withstand 
the  pressure  necessary  to  burst  the  pipe.   To 
save  m.etal  an"!  time  only  two  pairs  of  caps  were 
made  up, one  pair  being  threaded  for  tr.ree  anfl. 
fi*e  inch  pipe,  the  other  for  two,  four,  and 
six  inch.   One  cut  of  each  pair  was  bored, 
threaded,  an-'  finish  tapped  for  the  heavy  hy- 


draulic   -oiping.        Owinr,  to   ciifficulty   in  get- 
ting  a  good  thread  in  one   of  the   three   and  one 
of   the   four   inch  caps   they  Vi'ere   bored  cut   and 
bushings  made   of   standard  coupt;ings   threaded  in. 
The   accompanying  blue   prints   on  pages  and 

show  the  caps. 

'iVhen  a   specimen  had  been  screwed  up   reidy 
for  test,    blocks  were   placed  ap;ainst   the   caps  at 
both  ends   to   prevent   danger  of   damage   of   injury 
in  case    of  failure   ^t   the   threads,    and  the   pres- 
sure  was  applied  until  the   needle   on  the   gauge, 
by   its   vibration,    ir.^dcated  considerable    leakage, 
when  the   pump  was   shut    down,    and  the   caps  were 
drawn  up  againvith  the   c^ain  tongs.        A.fter  the 
second  drawing  up  of  the   ca-;:s   little   trouble 
with   leakage   was   encountered. 

^  discussion   of  the   test   by  ripe    sizes 
may  give   ?.n   idea   of  the   results.        Cn  page 
will  be   found  the    results   of  the   tests   on  the 
piping,    and  on  page  t:i03e    on  the   caps. 

There   are   shown  the    results   of   t^ree   tests 
cn  one    inch  pipe.        The    specimend  had  been   in 
use   for  some   time   ani_  were    somewhat    rusted,  in- 
side.       The  nominal   diameters  and  lengths   are 


shown  in  the  second  and  third  cciuirins  of  the 
lof^,  sheet,   Ehe  thicknesses  .vere  meavured  on 
different  diameters  at  the  ends  and  near  the 
fractures  and  the  averages  entered  in  the 
fourth  cclujnn.    'I' e  ave^.'a,r;e  results  are  shown 
?.t  the  bottom  of  the  sheet.   T' e  pipe  tore 
open  in  the  weld  for  a  length  varying  from  three 
to  seven  inches,  and  in  a  position  an /where  from 
the  middle  to  right  next  to  the  cap.   On  the 
bottom  and  the  right  of  the  blue  print  are  t.YO 
ef  the  3pecir.4ns  showing  the  appearance  of  the 
fractures. 

Three  one  inch  caps  .vere  broken  and  the  re- 
sults entered  on  the  log  sheet,  page    .   Two 
of  the  fractures  .re re  longitudinal  thru  the 
f^reade"-  portion,  and  one  vas  circumi-^'-^ersntial 
just  '.There  the  head  joins  the  cylindrical  por- 
tion of  the  cap.   The  "lue  print  on  page 
shovB  the  ar^r,eara':ce  of  one  of  the  caps. 

Three  specinens  of  t.vo  inch  pipe  ivere  tes- 
ted and  the  results  tabulated  on  the  sheet. 
T'.vo  of  the  fractures  are  shcvm  on  the  right  on 
page 

Cne  two  iich  cap  was  tested,  the  head 


bloT7ing  off  le?.ving  a  conical  surface  at  an  an- 
gle of  a'-out  fcurty  five  degreeo  with  the  surface. 
The  thickness  of  ihe  metal  on  the  surface  of  rup- 
ture was  lueasured  in  several  riaces  and  t-e  rc«? 
suit  av3rap:ed  and  entered  in  the  fourth  column. 
The  bursting  J)ressure  over  the  w"  ole  area  of  the 
head  of  the  cap  was  divided  by  this  area  of  rup- 
ture to  give  an  approximate  value  of  t':e  strength 
of  the  metal,  and  the  result  tabul?.t3:^  in  the 
sixth  colioian.    The  ratio  of  the  bursting  strengt; 
of  the  cap  to  that  of  the  pipe  .v-s  calculated  an'3 
enterei  in  the  fifth  colurin. 

Three  specin^ens  of  three  inch  pipe  were 
tested  and  the  results  are  on  the  s^-eets.   Two 
of  the  specimens  were  froi:.  the  sane  pi:ce  of 
pipe  and  both  s"  owei  fractures  about  one  hundred 
and  teenty  degrees  from  the  weld.   The  appear- 
ance of  the  fracture  would  lesd  one  to  conclude 
that  t^er?  was  muth  slag  in  the  metal.   T^-e 
third  s-oecimen  was  not  so  rusty  as, and  aas  thin- 
ner than  the  first  two.    It  ''trc'-.e  kn  the  weld 
at  a  pressure  aomewhat  smaller  than  would  ^ave 
naturally  been  expected  from  the  slight  differs 


ence  in  thickness.   The  ■'hree  speGiirens  are 
sh07ra  in  the  blueprint  on  page 

Tharee  caps  of  the  same  size  ivere  teste', 
and  all  failed  by  blowing  out.   One  showed  res 
suits  so  high  ir.  connection  '.vith  the  hicknesa 
recoriei  that  there  must  >'ave  been  scm'^  error  in 
observation,  and  the  results  have  been  neglected. 

Two  tests  ol  four  inch  pipe  were  unsuccess- 
ful as  far  as  bursting  ws  concerned.   The  fail- 
ure occurred  in  both  cases  at  the  root  of  the 
thread  just  behind  the  cap.  rings  being  torn  com- 
pletely off.   T'-e  tensile  strengt'i  of  the  metal 
was  calculate  i  fror.  the  area  i"  tension  and  the 
total  pressure  on  the  surfa.-e  of  the  cap. 

The  five  inch  piece  failej.  f.Tice,  the  first 
time  a  complete  rinir  being  torn  off,  and  t'-e  sec- 
ond only  p7irt  of  one.   The  rings  torn  off  of  socie 
of  the  specimens  and  the  end  of  the  fiv?  inch 
piece  are  s' ov.-n  in  the  blue  print,  pare 
The  five  inch  piece  stands  upright  at  the  left. 

The  six  inc"-^  piece  also  failed  at  the  root 
of  the  threads,, the  piece  having  to  be  torn  off. 

The  six  inch  cac  was  broken  before  the  six 


inch  pipe.   The  failure  was  very  sir.ilar  to  that 
of  the  sma'^ler  sizes.   T::e  Blue  print,  page 
shows  this  s::ecir.en. 

The  results  en  the  cays  are  net  very  uni- 
form, partly  because  cast  iron  is  such  an  uncer- 
tain siibstance. 

Tensile  tests  were  made  on  nieces  cut  l::np-i- 
tudinally  o  it  of  nieces  of  f'^e  two, three,  and 
four  inch  pipe,  and  the  results  tabulated  on  the 
sheet  on  page    .   Rin:^3  were  cut  out  of  the 
same  pips,  cnened  up, part  of  then  at  the  weld, 
and  part  opposite  it,  heatei  and  straightened. 
T^'-ese  were  also  nulled  in  the  Olsen  machine,  to 
give  the  tensile  strength  across  the  fibre  as 
the  stress  comes  in  the  pipe,  and  t^  e  strength 
of  the  '.veld.   T  e  percent  elo^.gations  are  all 
for  eig^-'t  inch  test  specimens  except  f^.ose  of 
the  transverse  sections  of  two  inch  pipe.   The 

r 

in"'s   of    the    I'^rse    inc'"   pipe   were   so   badlT 
rus.ed  and  pitted  and  the  metal  was   such   t^-^at 
it   was   only    vith    '.he   grratest    difficulty  that 
the    rings   could  be   straigi^tened  out.         'V  r±n<y 
of  the   four   inch  pipe   was   compressed  in  a  vise 
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\inti]    it   forrr.ei  "xn  elli;:39    .vith    its  major  axis 
equal  to  twice    its  mines  before    it   failed,   in  the 
wsld.        T"' e    .veld    vas   very  s:-crt   for  i   lap  weld, 
baving  alr:ost   the   appearance    of  a  but   weli. 

The   tensile    strength   of  a  piece   of  pipe 
cin  be   cal:ulted,    according  to  the   Valve   World 
of  February   1905,    fror  tv.e    di'^rr.eter,    the   tensile 
strength,    and  thethickness.        The   bursting  pres- 
sure   is  expressed  by 


B 


2   T 


D 


where     E  P  =  Bursting  Pressure,  pounds 
''        per  Sf^uare  inch. 
T  =  T:''ickness,  inches. 
D  =  Bi^meter,  inches. 
S  =  Tensile  strength,  pounds 
per  3-^uare  inch. 
The  strength  of  the  pipe  tested  'A'as  calcu- 
lated from  the  thickness,  with  an  assumed  ten- 
sile strength  of  fifty  thousand  pounds,  and  with 
the  transverse  strength  calculated  from  the  ten- 
sile tests.    These  results  vvrre  compared  ,vith 
f  cse  actually  qott?c  in  the  test  the  ratio  and 
the  calculated  stre^.c^ths  b'ing  tabulated. 
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TENSILE    TEST    OF   SPECILIENS. 


Pipe 
riam 

Section 

Area 
sq.  " 

Load 

Tensile 
St'ngth 

Elonga 
tion.f^ 

4" 

Longitudinal 

.175 

12550 

71800 

.172 

4" 

n 

.1405 

11500 

82000 

;250 

4" 

« 

.180 

13000 

72100 

.119 

4" 

Transverse 

.189 

9900 

52300 

.0125 

4" 

It 

.2025 

9200 

46500 

.0163 

4" 

"  at   vveld 

.180 

11700 

65000 

.163 

3" 

Longitudinal 

.232 

10100 

43100 

.120 

3" 

n 

.2205 

8600 

38800 

.0875 

3" 

« 

.207 

8000 

38600 

.0937 

3" 

Transverse 

.180 

3200 

17600 

.0416 

o" 

n 

.2161 

3800 

17950 

.0400 

3* 

"  at    veld 

,2022 

2400 

11800 

.0170 

2" 

Longitudinal 

.141 

3550 

60700 

.213 

2" 

It 

.1035 

6100 

59000 

.197 

2.* 

Trans veree 

.102 

6100 

59600 

.0625 

an 

N 

.093 

6050 

65000 

.080 

2" 

"  at   weld 

.1125 

4750 

42200 

.1123 

2" 

It      tt      II 

.1096 

4750 

43300 

.1098 

4" 

Longitudinal 

Avera 

•ge 

75300 

.183 

4" 

Transverse 

ti 

49400 

.0144 

3" 

Longitudinal 

It 

40160 

.1004 

3" 

Transverse 

« 

17750 

.0408 

2" 

Longitudinal 

It 

59850 

.205 

2" 

Transverse 

tt 

62300 

.0712 

